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STRI’CTURE  AND  ION  TKANSPORI  IN  POLY^R-SALT  COMPLEXES 

O.P.  Shriver^,  B.L.  rfapke*,  M.A.  Ratner*,  R.  Dupon®,  T.  Wong*>,  and  M.  Brodwinb 

®lBeparti)ienC  o'j.  Chemistry,  *>Departmcnt  of  Electrical  Engineering,  and 
’  *t^Katcrials  Research  Center 

Mor^diwesCern  University,  Evanston,  IL  60201  U.S.A. 

Polymer  'ilectrolytes  hased  on  alkali  metal  complexes  of  polyethcrs  and  cross-linkcd 
polycthors  have  significant  cation  mobility,  which  appears  to  arise  from  large- 
toplitui.t.' notions  of  the  polymer.  High  chain  flexibility  not  only  promotes  ion 
‘transposo  but  it  aLjo  is  important  for  the  initial  formation  of  polymer-salt 
complexes.  Several  new  polymer  electrolyte  systems  are  discussed  which  contain 
ftexibVer  polymer  backbones  and  high  concentrations  of  polar  groups. 


ATRODUCTION 

Tflfe  synthesis  and  characterization  (1-6)  of 
(•Ivent-frec  alkali  metal  salt  complexes  of 
■pply (ethylene  oxide),  PEO  (1),  prompted  de¬ 
railed  electrical  measurements  with  the  thought 
that  these  materials  mighr  prove  to  be  useful 
electrolytes  for  high  enc  igy  density  batteries 
(5,6).  One  potential  advintage  of  polymer  elec¬ 
trolytes  is  that  they  shoild  conform  to  solid 
electrodes  throughout  changing  and  discharging 
cycles,  and  therefore  facilitate  the  develop- 
aient  of  new  high  energy  density  solid  state 
betteries.  there  are  manf  fundamental  aspects 
of  polymer  electrolytes  witich  ace  ripe  for 
investigation;  the  chemical  variables  which 
influence  electrolyte  formation,  the  relation¬ 
ships  between  structure  of  the  polymer  elctctro- 
lyCea  and  ion  transport,  and  the  detailed  mecha¬ 
nisms  for  ion  transport.  This  paper  surveys 
sccomplishmen's  in  the  field  of  polymer  clectro- 
Iftes,  with-  an  emphasis  on  polymer-salt  complex 
^(rmation  and  ion  transport  mechanisms  as 
wealed  by  the  comparison  of  various  response 
poperties  of  the  polymer  electrolytes.  This 
account  will  not  cover  any  of  tlie  solvent  swol¬ 
len  polymer  electrolytes,  such  as  traditional 
ie.T«  cxchangerra  or  solvent  containing  polymer 
awtbranes  (7, ID. 

•O-CH2-CK2” 

(I) 

IBlyCethylenc'  oxide) 

rOLY»CR-SALT  CIMPUEX  FORMATION 

Binpl'ti  ethers  uid  short-ctiain  polyethcrs  ere 
tacll  kbown  as  .solvents  for  alkali  metal  salts, 
end  cyclic  ethers  (crown  ochers)  are  effective 
iMMpIexing  agents  for  alk.iUi  mot.ll  cations. 
IYirthe‘nnt>re ,  complex  fona.it  ion  botwceii  high 
atnIeculJir  weightt  p.ilyecliei<s  dml  .1 1  kali  mec.il 
sides  is  known  in  occur  ii  1  mi>rh.anot  snliition 
(H\.  In  alt  of  these  c.iso's  tlie  iloinin.iiit  inter- 
acitien  in  the  coarJinntion  si  ether  oxygen 


atoms  to  alkali  metal  cations.  The  formation 
of  solid  polycther  salt  complexes  fits  well 
into  this  general  pattern. 

If  we  make  the  approximation  that  entropic  fac¬ 
tors,  polymer  reorganization  energies,  and 
residual  cation-anion  coulombic  energies  are 
constant  for  the  formation  of  the  various  poly¬ 
mer  salt  complexes,  for  any  given  polyether  and 
any  given  cation  tha  formation  of  complexes 
should  closely  correlate  with  lattice  energies, 
of  the  alkali  metal  salts.  As  shown  in  Table 
1,  this  type  of  correlation  does  have  general 
validity,  since  complex  formation  is  restricted 
to  the  salts  of  a  particular  cation  which  are 
below  a  threshold  lattice  energy.  In  keeping 
with  this  generalization,  the  lowest  lattice 
energies  and  the  highest  propensities  toward 
complex  formation  arc  found  for  alkali  metal 
salts  having  large  anions,  such  as  I~,  C104~, 
and  S03CF'3”. 

Ibe  stoichiometry  of  polymer-salt  complex  for¬ 
mation  cannot  be  defined  with  the  precision 
characteristic  of  the  phase  relationships  for 
■DSt  simple  inorganic  systems.  Nevertheless, 
an  approximate  limiting  stoichiometry  around  4 
moles  of  polyether  oxygen  per  mole  of  alkali 
■etal  salt  is  observed  for  many  of  the  polymcr- 
•alt  interactions  (1,3,8).  Recent  research  in 
•or  laboratory  provides  a  number  of  examples  in 
■bich  higher  salt  concentrations  are  possible, 
ameb  as  PEOO.SNaBHi.  This  higher  salt  concen¬ 
tration  B.iy  arise  from  the  partial  filling  of 
the  coordination  sphere  of  tlie  Na'*'  by  tight  ion 
pairing  with  the  Wl4“  anion.  Evidence  for  such 
ion  pairing  is  available  from  both  conductivity 
and  apectroacopic  measuremonts  (9).  By  con¬ 
trast,  the  NalBfCgHj)/,)  complexes  with  PKO 
which  we  have  prepared  to  date  have  on  the 
order  of  7:1  ratio  of  ether  oxygens  to  alkali 
metal  ion.  Presumably,  in  this  case  the  hulk 
of  the  counter  ion,  BfCjll^)^",  prohihits  the 
formation  of  complexes  with  higher  concentra- 
tiona  of  salt. 
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Table  1.  Comparison  of  TKO-SalC  Complex 

Former i. in  with  Lattice  Enorxiet  of  the 
Pure  Salta. 


Ll^ 

Ha* 

K* 

Rb* 

Cs* 

No 

Ho 

No 

No 

No 

r 

1036 

923 

T  “ 

821 

785 

760 

Yea 

No 

No 

No 

No 

Cl- 

8S3 

786 

715 

689 

659 

No 

«• 

CHjOOO" 

881 

763 

682 

656 

(682) 

_ 

No 

- 

- 

No 

H03~ 

868 

756 

687 

658 

625 

_ 

No 

- 

- 

KOj" 

— 

768 

666 

765 

(598) 

Yea 

Yes 

No 

No 

No 

Be- 

807 

767 

682 

660 

631 

No 

_ 

'  — 

H3' 

818 

731 

658 

632 

606 

Yes 

_ 

_ 

- 

BH4* 

(778) 

(703) 

(665) 

(668) 

(628) 

Yta 

Yes 

t 

No 

No 

I- 

757 

706 

666 

630 

606 

Yaa 

Yes 

Yes 

Yes 

Yes 

SOT 

807 

682 

616 

619 

568 

Yes 

Tea 

- 

CM^- 

723 

668 

602 

582 

562 

Yea 

Yes 

Yes 

Yes 

Yes 

CP3^3- 

«725) 

(<650) 

(<605) 

«585) 

(<550) 

Tea 

Yes 

- 

— 

BP*- 

(699) 

619 

631 

605 

(556) 

Tea 

Yes 

Yes 

Yes 

Yes 

BPhg- 

(<700) 

(<630) 

(<630) 

(<600) 

(<550) 

•Ko  ”  no  aolvent  free  complex  formed;  Yea  " 
aol'ient  free  complex  formed;  Values  in  paren- 
eheacs  are  either  theoretical  or  estimated 
latCice  energies. 

^os^lex  formation  data  is  from  reference  (8) 
or  tbe  present  work.  Lattice  energies  are  in 
kJ/msle  from  Jetikins,  H.D.D.  and  Uaddington, 
T.C.,  as  quoted  in  Hie  CKC  Handbook  of 
Chemistry  and  Vliysies,  volume  Chemical 
Kubbxir  Publishing  Co.,  Cleveland  Ohio,  1980-81. 


One  aixrnetive  jMthod  for  the  preparation  of 
eoni;\1exea  havtn^  Aa  maximum  salt  concentration 
(a  the  exposure  of  a  polymer  film  to  a  saturated 
solution  of  the  salt  in  a  solvent  in  which  the 
pure  polymer  .ind  tlie  complex  are  insoluble. 


This  sicthod  will  in  principle  lead  to  the  ther- 
sindynamical ly  stable  polymer  complex  of  maximum 
salt  content,  providing  that  the  polymer  is  not 
swollen  by  the  solvent  and  that  the  relaxation 
of  the  polymer  chains  is  complete.  Other 
neChoda  for  complex  formation  include  the 
removal  of  solvent  from  a  solution  containing 
the  polymer  salt  complex  (1,5),  and  dissolving 
fine  particles  of  the  salt  in  the  solid  or  the 
molten  polymer. 

As  research  on  polymer  electrolytes  progresses 
toward  more  precise  determinations  of  electri¬ 
cal  properties,  greater  attention  will  have  to 
be  paid  to  the  influence  of  impurities.  Com¬ 
mercial  polymers  often  contain  significant  con¬ 
centrations  of  impurities,  such  as  catalyst 
residues  and  water.  For  example,  polyfethylene 
oxide)  contains  several  per  cent  of  inorganic 
impurities,  the  majority  of  which  can  be 
removed  by  passage  of  an  aqueous  solution  of 
the  polymer  through  a  mixed  bed  ion  exchange 
column  (10).  In  addition,  the  PEO  salt  com¬ 
plexes  are  hygroscopic,  with  the  lithium  salt 
complexes  being  particularly  so.  Water  has 
been  shown  to  have  a  large  influence  on  the 
electrical  properties  of  some  lithium  complexes 
(11),  therefore  systematic  control  and  moni¬ 
toring  of  water  content  is  important.  Infrared 
spectroscopic  detection  of  the  broad  .and 
intense  water  features  around  the  3,300  and 
1,600  cm~l  regions  provides  a  sensitive  proba 
for  the  presence  of  adventitious  water. 

NEW  POLYMER-SALT  COMPLEXES 

Poly( propylene  oxide)  and  poly(epichlorohydrin) 
have  received  attention  as  host  polymers  for 
alkali  metal  salts.  As  with  polyfethylene 
oxide),  all  of  these  systems  are  based  on  a- 
backbone  of  ether  oxygens  separated  by  two- 
carbon  moieties  (structures  I,  II,  and  lit). 

^2^1  fH3 

-0-C112-CH-  -o-ai2-cii- 

(II)  (lit) 

Poly(epichlorohydrin}  Polyfpropylene  oxide) 

Samples  of  (III),  which  have  been  investigated 
in  Armand's  laboratory,  and  (II),  which  have 
been  investigated  in  ours,  were  commercial 
atactic  materials  which  produce  amorphous  com¬ 
plexes.  Experiments  with  scereorcgular  ana¬ 
logues  of  these  materials  should  provide  useful 
clues  to  the  steric  factors  which  govern  poly¬ 
mer-salt  electrolyte  formation.  With  the 
possible  exception  of  poly(cpicblorohydrin)  tha 
polyethers  are  attractive  because  they  should 
exhibit  a  high  degree  of  chemical  inertnesa. 

The  experimental  situation  with  respect  to  tha 
stability  of  the  polyether  electrolytes  ia 
unsettled.  Armand  observed  a  6V  stability 
range  for  PKO-HalSOjCKj)  (12)  and  he  reported 
Chat  the  PKO'Lil  electrolyte  is  stable  to  Li  as 
judged  by  cyclic  voltammetry  (8),  whereas 
Archer  and  Armstrong  present  some  evidence  for 
the  formation  of  a  resistive  layer  at  tha  LI- 
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XI  electrolyte  interface  (11).  The  exeluiion  end 
nontcoriiift  of  eucli  es  Nj  (which 

foree  a  nicri.lc  ••itli  l.i)  end  lIjO  will  be  pnr- 
]tlcutarly  impacrtntvt  in  tlic  dt'^erminetlon  of  Che 
leCabilicy  of  i.hise  electrolyte*. 

K  eat  of  {eticrnl  polymer  attribuCea  which 
ahoeld  be  conducive  to  polymrr-aal t  eoiapicx 
foi'vation  is  preaenCed  here,  -sliKhtly  modified 
frcaa  Che  0rip.iT.1l  form  (lO):  I.  The  polymer 
'•hauld  have  .1  hiph  concentration  of  polar 
greupa,  vdiich  will  effectively  aolvate  the 
ealion  and/or  anion.  7.  Tlic:  polymer  backbone 
ifeuld  bo  hiphly  flexible  to  permit  polymer 
r>90rganiaation  and  cation  aolvation.  3,  In 
|;>3ieral  the  polymer  should  hive  a  low  cohesive 
eaerpy  density  to  produce  a  favorable  free 
energy  chanpe- upon  polyner-salt  interaction. 
Tdetors  2  and'  3  are  associated  with  propcrtica 
auch  as  low  i^lass  transition  temperaturea ,  T^, 
and  low  celt rnp  points. 


T'dtentially  effective  polar  groups  for  polymer 
electrolytes  are  suggested  by  the  functional 
gyoups  found  in  polar  organic  solvents  such  as 
oalfoncs,  sulfoxides,  nitriles,  esters,  amides, 
nminea,  imincs,  ketones,  and  sulfides.  Unfor- 
CiinaCely  cord  of  these  group.n  are  more  cleccro- 
-riicnically  rccive  than  ether  linkages.  Initial 
(saults  from  studies  in  our  laboratory  on  new 
floac  materials  containing  sane  of  these  polar 
groups  have  produced  encouraging  indications 
that  many  -new  polymer  electrolytes  may  be  pre¬ 
pared.  Thtf  roost  thoroughly  studied  new  polymer 
host  is  polT(ethylcne  succinate),  IV,  which  has 
been  found  to  form  complexes  viith  l.i(RF4), 
bUCFaCOjl,  Li[S03CK3l,  and  Ha(S03CF3l. 

10  0 

-OCH2CH20CCH2C1I2C- 


<IV) 

lolyCethylene  luccinate) 


Complexes  hiving  2:1  polymer  repeat  units  per 
formula  uni'i  of  salt  have  been  prepared  and 
there  arc  gyrod  indications  Chat  higher  sale 
toncentratirms  can  be  achieved.  Conductivities 
on  the  order- of  1.3  x  10~^  ohm"*  cra~i  were 
obtained  for  the  LilSF^I  sMt  at  4l'C.  A  quite 
lifferent  series  of  complexes  was  prepared  from 
f»ly(ethylene  sulfide),  V,  or  poly(propylciic 
milfidc),  VI,  with  silver  salts  such  as  Ag{K03) 
and  A{|S03CF)j.  The  5:1  poly (ethylene  sulfide)- 
AklS03CF3l  complex  displayed  a  conductivity  of 
lAout  4.6  X  10*^  ohn'i  cn"l  at  65*C.  i 

j  -SCM20»i*-  -SCH2CH2CH2- 


(V)  <V1) 

jfatyfcthylenc  sulfide)  Poty(propylene  sulfide) 


Urn  interest  in.'g  new  approach  to  polymeric  con- 
dhators  is  thi’iise  of  cross-linked  networks  of 
lota  noleculnr  aei'ght  polyfelltylene  oxide)  into 
which  a  salt  ini  reduced  (It, 15).  The  intent 
with  these  m.ile-hals  is  Co  nctiievc  a  combination 
-  o3  gpod  nechanic.-it  and  electrical  prd^ercica. 


STRUCTURE  or  TOLlfETHER  SALT  COMPLEXES 

The  a'cructurcs  of  pure  poly(ethylenc  oxide)  and 
of  a  llgCl2-PE0  complex  are  known  from  X-ray 
Structure  dctcrmin.iC  ions  combined  with  vibrn- 
tionnl  spectroscopy  (16,17).  The  pure  polymer 
consists  of  an  extended  helix,  having  a  fiber 
repeat  distance  of  19.48  A,  and  the  mercuric 
chloride  complex  consists  of  a  aigaag  polymer 
backbone  with  oxygen  atoms  coordinated  Co  mer¬ 
cury.  A  similarly  detailed  X-ray  analysis  of 
the  alkali  metal  salt  complexes  of  I’EO  has  not 
been  carried  out.  In  their  original  work  on 
the  TEO  complex  with  KSCM,  Fenton,  Parker,  and 
Wright  determined  an  X-ray  fiber  repeat  dis¬ 
tance  of  8.1  A  (I).  More  recent  detailed  infra¬ 
red  and  Raman  spectroscopic  data  have  revealed 
several  structural  features  (10).  Mid-infrared 
data  indicate  that  the  OCII2-CII2O  noiccies 
assume  a  ■gauche  conformation*  Raman  data  in  a 
similar  frequency  range  provide  evidence  for  a 
aynunctrical  bre.iching  mode  characteristic  of 
On-Na  stretching  notion,  and  the  far-infrared 
displays  bands  which  are  characteristic  of 
translational  node.s  for  alkali  metal  ions  in  a 
solvent  cage.  Significantly,  these  latter 
features  scale  approximately  as  the  square  root 
of  the  mass  of  the  alkali  metal  ion  and  are 
independent  of  the  nature  of  most  anions.  A 
structural  model  which  is  consistent  with  these 
vlbrotionsl  data  and  the  X-ray  fiber  repeat 
distance  is  a  sequence  of  trans(CC-OC) , 
traBs(CO-CC) ,  gaoche(OC-CO) ,  trans(CC-OC) , 
trans(CO-CC) ,  and  gauche-minos(OC-CO)  confor¬ 
mations.  This  results  in  a  helical  configura¬ 
tion  having  an  interior  channel  lined  with 
ether  oxygen  atoms,  and  large  enough  to  accom¬ 
modate  a  K'^  ion  (10).  A  view  down  this  helical 
tunnel  ia  given  in  Figure  1.  The  anions  appear 


Figure  1.  View  down  the  axis  of  the  proposed 
helical  configuration  for  the  PRO  backbone  in 
ita  complexea  with  aodium  anlta. 


lo  ouCxi><i’  (lu<  hi'Itx,  witli  no  •tirnrC 
cml^on-anioii  coiU.it'C  in  m»«t  Thf  l.ick 

off  cryst  .il  I  ini  t  y  for  tfio  riil>i>linni  oiiil  rosiiini 
fift'W  cnnploxrn  is  ronsistonC  witli  this  m>>ilol 
biicniisc  tlie  holicnl  clinnnol  is  (no  smstt  to 
raiaomniod.ite  lh<se  cations. 

fl  double  helix  of  intortwinod  PKO  ch.iins  h.ss 
been  proposed  to  nccomisoil.it e  recent  estim.itrs 
«if  the  unit  cell  dimensions  for  PKO-NaSC.'l 
obtained  from  X-ray  diffraction  on  oriented 
polycrystallinc  milerinl  (18).  This  p.irticular 
■odd,  however,  pl.ices  some  of  the  0CI1;-CH20 
groups  in  a  ne.irly  eclipsed  conf ipur.ition  which 
would  suffer  from  unf.ivorable  repulsion  of  non- 
bonded  atoms.  The  structures  of  polymers  are 
always  difficult  to  determine  and  these  complex 
systems  arc  particularly  so. 

CONDUCTIVITY  AND  ION  TSAWSPORT  MECHANISMS 

Transference  number  mensuremencs  at  23.5*C  for 
PEO'NaSCN  deiionstrate  that  t(Na*)  is  very  close 
to  1.0  (19),  and  unpublished  NMR  results  indi¬ 
cate  th.1t  t(ti*)  >  0.95  for  a  polvether  lithium 
electrolyte  (8).  In  addition,  a  v.iricty  of 
evidence  indicates  that  anions  have  finite  but 
very  small. mobilities  in  these  materials.  For 
example,  complexes  can  be  formed  from  solid 
salt  plus  solid  polymer  and  conversely  a  second, 
talc  phase  can  be  observed  Co  form  below  the 
suiting  range  of  some  salt-rich  complexes. 

The  simplest  temperature  dependent  conductivi¬ 
ties  are  exhibited  by  highly  crystalline  com¬ 
plexes  such  as  those  between  sodium  salts  and 
PEO.  The  early  reports  on  these  materials  gave 
two  linear  .segments  in  Che  log  o  vs  l/T  plots 
(2,20).  Recently  independent  research  in  two 
laboratories  has  demonstrated  ch.it  the  Cwo- 
alopc  behavior  disappears  when  the  conductivity 
experiments  are  performed  on  fully  complexed 
naCecials  (9,13),  The  break  observed  in  Che 
original  reports  on  Che  low  salt  materials  is 
close  to  the  melting  temperature  range  of  PEO, 
and  Che  interpretation  which  we  prefer  is  that 
this  break  is  associated  with  Che  inciting  of 
residual  pure  or  lightly  doped  PEO. 

The  non-crystalline  polymer  electrolytes  such 
as  those  of  poly( propylene  oxide)  alkali  metal 
salts  or  PEO  with  rubidium  or  cesium  salts, 
display  curved  log  a  vs  l/T  behavior  (21).  The 
empirical  Vopol-Tnmn.in-Fulcher  equation,  I, 
which  describes  tran.sporC  properties  in  viscoue 
siedia,  appears  to  fit  the  tcmpcr.itiirc  depen¬ 
dence  of  Che  ionic  conductivity  very  welt  (21). 

•  -^.xp(^;-^)  (1) 

In  this  equacisn  A,  R,  and  Xg  arc  empirical 
eonscancs,  with  Tg  correspond ing  fairly  closely 
to  (he  glssa  tr/wsicion  teniper.iciire,  T^,  of  the 
polymer  complex.  This  functional  depi'iulenee  iMy 
be  described  hy  a  mndnl  in  wliich  mition  of  the 
pslymer  ch.iin  is  crucial  for  (he  ion  tranaport 


process.  From  enerxi-t  ic  ron.s  i.lernt  ions  it 
iippe.irs  nv'Ht  likely  that  Ihe  rat  ion  nnves  with- 
e.it  lire.ik  i  ng  innv  rat  ion-oxvgen  inter. irt  ions 
(22).  Thus  l.irge  .inplitiule  p.ilynu'r  segri.MiC 
motions  eoiiple.1  with  the  hre. iking  .ind  miking  of 
one  or.  p.issiMy  two  cat  ion-oxygen’ inter.iet  ions 
per  r.il  ion  provides  a  me.ins  of  cation  transport 
which  is  quite  unlike  the  hopping,  mochanisra  com¬ 
monly  observed  for  simple  iuorpanic  electro¬ 
lytes.  The  importiiiice  of  Che  glass  transition 
temperature,  and  therefore  the  polymer  segmental 
motion,  h.is  been  demonsCr.iCcd  experimentally  for 
the  polyureth.ine-typ.»  polycther  network  com¬ 
plexes  (23),  for  wliicb  the  glass  craiisicion  tem¬ 
perature  can  be  varied  widely.  There  is  a  clear 
indication  that  a  fruitful  appro.ich  to  increased 
ion  nobility  in  polymer  electrolytes  is  to  seek 
systems  in  which  Tg  is  as  low  as  possible. 

Even  though  linear  log  o  vs  l/T  plots  are  ob¬ 
tained  for  crystalline  polymer  complexes,  such 
as  FEO  with  lithium,  sodinn,  nnd  potassium  salts, 
it  appears  likely  that  polymer  motions  are 
strongly  coupled  Co  the  ion  transport  process  in 
these  materials  as  well.  Microwave  mea.suremenCs 
indicate  that  the  highly  crystalline  complexes 
exhibit  strong  conductive  response  in  the  CHz 
region  which  is  comparable  to  Chat  of  pure  PFO 
(24)  and  this  response  is  attributed  to  high 
frequency  segmental  motion  of  the  polymer  back¬ 
bone.  Below  1  Che  ion  containing  polymer 
has  much  higher  conductivity  than  Che  pure 
polymer,  Figure  2,  This  observation  affords 
evidence  that  in  Che  crystalline  PEO  salt  com¬ 
plexes  the  low  frequency  ion  motion  is  assisted 
by  higher  frequency  polymer  motion. 
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Figure  2.  Varisble  frequency  conductivity  o( 
pure  PEO - and  4.5PK0-HaSCN  - . 


One  ouetendinft  probleru  is  the  effect  of  polytner 
orient/ition  on  coni!</rt  ivity .  An  yet  tUcte  have 
^cen  no  reporCsi  of  */3tem.it  ‘c  con^luct  ivity 
flicaauremont a  on  orirnted  pilymoc  cloctrolyteo. 
Onr  onJerstanJinp.  of  t!»c  ton  irnnnport  mecUn- 
niams  alao  would  )>c  improved  information,  on 
the  volume  of  activ.ttira  for  i<m  transport, 
vliicli  will  require  iKr  measurf.ipont  of  coortoc- 
tlvitios  under  Kyilr^»^t  itic  prcs'<  r';s.  Soac 
preaaurc  dependent  r>lymcr  electrolyte  c^tiduc- 
tivlty  data  have  bo  a  reportad  under  nonkydro- 
static  conditions  vi5)« 

CONCLUSiatlS 

The  field  O'!  polymer  electMolytes  has  developed 
rapidly.  Q*uair  itnt  ive  nucroscopic  theories  for 
ion  trans^OT^'  .^f^chanisms  in  these  materials  are 
not  yet  ava.'jl  iblc,  but  sotie  qualitative  concepts 
vith  predictive  value  hav3  emerged.  Of  Che  cur~ 
rently  kno  ri  systems,  perNaps  Che  most  promising 
for  roots  temperature  battery  electrolytes  are 
the  ligJlt.y  cross-linked  polyctliers,  for  which 
the  recjjirtil  low  Tg  caa  lie  fairly  readily 
attaii.*' d . .  It  was  recently  estimated  chat  a 
polyetlie  1  with  Tg  "  -S0*3  should  display  a  con¬ 
ductivity  in  the  10“^  to  10"^  range  at  room  tem- 
peratur'C  (23) .  This  is  sufficiently  high  to 
offer  car.siderable  incentive  for  further 
reaeairdi  on  these  materials. 
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